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7(p) offlG&lnP«f>HR 



(57) imm 

C * h XI \z. % |B & & J: V / * fc S £ « «: « Z> „ 
[WS^-Rl A 1 G a In P 5R^*f* -9*^*5^ 
T, nlGaAsSSliC, nlGaAsISllI^ 
IT 2 . 0X10" 4 ^-h3. 0 X 1 0" 3 J^TCO*&^FS 
■^S:*-* - * nS (Al x iGai- x i) i- y i I n y i P ^ 9 y 
Kg 2, (Al x2 Gai- x2 ) i-y2 I ny 2 P*^^ii 3 , 
Gai- Z I n z Pf^Fi4ai: (Al x2 Gai- x2 ) 
l-y2 I n y2 P^MM4 b £ J&» fe feSMQW«it<7>SfSJi 
4, (Al x2 Gai- x2 ) i- y2 I n y2 P3t^&S 5*5J:U! 
pi (A 1 xlGai- x i) i-yi I n y iP^7S/ K» 6 *HH 



8(p) PaGaAs + t^yi 




>l— 9{n) 
^6(p) 

^ /M<AliGa*-«i)i-*lruiP^7C Kfli 
-3 <At^i^)^ln*P*2l»i 

2(n) 



1(n) nfiGaAiJfi 
11 n««ffl 



1 

[»mf#<D«B] 

*K — ±l5**f*£{*fc#LT 2. 0X10 

~ 4 &L_h3. oxio" 3 ^T*fcl^-i. 5XlO" 3 £ll 
-2. 0 X l 0-*&T<Dl&ttm&&ft'rzzt$:W& 

T3. 0 X l 0~ 4 J£A± 3 . 0 X 1 O^JBLT^fciS — 1 . 
5X1 0~ 3 £A_L- 3. 0X1 0" 4 ^TOWI§^t 

[If** 3] ±|B*^SE-&3&s, ±lBpSl*?s/ K* 
[If ##4] ±lB*^F»-&#, ±|BpSI^7s/ KJB 

I^U2. 0 X l 0~ 4 J£jL_b3. OXlO'^TW 
*i#IC#Lt-l. 5 X 1 0" 3 Jt^ii- 2. 0X10" 4 

^r^te^gE-a^^-r 6 n ^ ^r^ta £ f £ff 1 IB 

Jifaf§ttig ^ oMfcJB 2 <D3fe»ttJB 3 ^ £ 4:W* 

[If ^ 7 ] _bfHS 1 03te*RJi:J3 *U^1B* 2 <F>% 

t2. 0X10" 4 W3. 0X1 0" 3 ^r^fcli»l. 
5X1 0" 3 J£jL_b- 2. 0X1 0-*UT(Olfe^^m^%:M 

C ^ SHI 1 ia*0if£»«:»**^ 0 

[If** 9 ] ilE^fWS**^!* A 1 G a InPl 

^. 

[lf**10 3 ±lB«^lE-&«, _bl5 pl^77 K 
g^ilt^JilSnM^ 7 v KJi«r«J*-r5 A 1 G a I n P 

Ji*3 <fcU<_bf5nM^ 7 y HJBS:*J*"*"3 A 1 G a I n P 
<da l *5j;^Ga(7)^^<DM^;it^p^-r-5Ci:(cJ; 19 
^rtfcixfc -5 £ £*»«£ + 5tt#JR91B«&0 



4#ifi^l 1 -8 7 8 3 1 

2 

Hf*5ii 2] ±|S*»<MSft*^ttJBW*»»a<o 

^ae«e«3te*^*>S w £ £4#tf* fc + SIf #* 1 K^O 

[lf**i 3 J ±fa**#»** J ? : (**J»«»ffl<^* 
S^^i^T^^^ £ -T Slf l E«£>¥ 

[lf**l 4] ±lB4s»tt«#**ttBfi»*S*>4* 

[!f#*l 5] ¥«fMtt±fcfiH4JB*pffl*9 * K 

±|5pM^^s/ K«33J:tf-Lian§i^ s> KJIco5 V> 
T2. 0X10~ 4 &±3. 0 x 1 o' 3 ^Ti itit- 1 . 

5 x 1 o" 3 &t_h- 2 . 0 x 1 o~ 4 eiTo«^FiE-&S:# 

[»*IB1 6] _hlEpM*7 5/ KJB*3.tU«±:lana^ 

**#I#ii#tt3. 0X10"^i3. 0X10" 3 
£JLT*/ttt- 1 . 5 x 1 0~ 3 £*_h- 3. Oxio _4 J£AT 

[If** 1 7 J JbEft^S-g"**, _b!5 pl^7^ K 
[If** 18] ±ia«^F«-&3&*, _LEpM^7^K 

[it 2 0 3 ±i2pi^7s/ ita^S^S 

^tC^tLT2. 0 x 1 0" 4 J£li:3 . 0 x 1 0 " 3 £XTcote 

S#S*l-Mtr-i. 5xio" 3 j^i-2. 0x10 
[If** 2 1 J _bfBpM^ 3/ KJli:±1Bffif4Ji^<^ 

tt 2 . 0 x 1 0 " 4 J£i._b 3 . Oxi 0" 3 ^T^fcl^- 
1. 5 X 1 0" 3 J^_b- 2. 0X10" 4 W^S^ 

- 4r*4#»i:i-aif3R*2 lE«<D4**{M»# 



3 

[»W2 3 ] ±EgttJBtt*M^#F*« 
S~ £&4$®£t-£iS^*Iti 5Btw*»M**f. 

2 4 ] ±E*SJflc«3fc*^tt: A 1 G a I n P 
3Ri£«#»3te*^*>!K ilEMMW^GaAsi 

[W*JB2 5] ±ia P Sl*7s> K**5j:tI<±ianS{^ 
9y KJl^Jil5«^«-&tt, ±IBpM^7 y KJ1*5J: 
t^ifanM^ 7 i> KHSrfllfiSW"* AlGa InPWIn i<? 

[»*Jg2 6 J ±.UpM?9 y K«*5J:tf_bian§i* 
UU:1HnS!^9 s> K«4r«ja-t-S A 1 G a I n Ptf>A 1 

#»**^. 

[»**2 7l ±!Bgtt«Ojila*^aE-&Wt, -LIB 
St*JB**J*-**5G a I nP<7)I n ^>firi£fcfc SrflMfi-*- & 20 

[i»x*2 8] ±ia&teJi<DjiiB*^»£Wc, ±ia 

* 2 4 |E«0¥SM«B 

¥m&&ftm^T*hz>^t&!&'&£-tz>n#mi sum 
imxm 3 0 ] ±m¥mwmftm*\zw<%m$LW<D¥ 30 

ft< i:^-*^, ±l5^*frSfr(-»Ur 2. 0x10 
" 4 J£JL_h 3 . OXlO" 3 ^T^fcfi-l. 5XlO" 3 J^_b 
-2. 0 x 1 0- 4 £LT<7>ft^-^m&*^~tZ> Zt*¥?'& 

3 3 ] Jire*«*MS3te3im4 A 1 G a I n P 



»§!^pl 1 -8 7 8 3 1 

4 

T, 

T2. 0Xl0" 4 J&L_b3. 0 X l 0~ 3 J£AT£fci3- 1 . 
5 x i o" 3 J£jL±- 2. OXio* 4 OT^)»Wl^^t 

[If JftJB 3 5 ] ±tB^S#^*^T-i^ A 1 G a I n P 

-i**> r> . Jifa*s*s#i^G a a s s 
[»**3 6] ^mwmfct^fe&m* x>m? 9 y f 

S« lessor, 

itEpI^ 9 y KJB*3 J^-bfSnM^ ^ y KJiO 5 *>4> 

fc<i: ±ia***a*»c»Lr 2. oxio 

~ 4 £*_h3. 0 X l 0~ 3 EJl~F*fcl*- 1 ■ 5XiO" 3 J£Jli: 
-2. o x i o* 4 »T©ftf 3pS^ttt5 

3 7 ] iB^SM****^!* A 1 G a I n P 

[ft*® 3 8] ^*«f*Ji«-gttJB«:pSl^ v y F 

JB a: nl^ 9 y YMbK-X &&ik«#5ft&#+5*3M* 
a*^^^r*^i: LTffl^fcSteBfMs J:rj</*fc«l?^ 

T2. 0X10' 4 £L±3. 0 X 1 0" 3 J£AT^fc^- 1 . 
5xi o" 3 J^±- 2. oxi o'^Toft^F-^fi-g'&W 

-r s r t * mm t -r z ytumts x %*/ * ^ i?^^go 

3 9 ] iE^fMS^SB^tt A 1 G a I n P 

[0 0 0 1 ] 
[0 0 0 2] 

T-#^l^A 1 G a I n P !f tC*3 t^Ttt, 



5 

[0 0 0 3] AflcMJCtt, 9 , »5ft<z>l»{c^tt» 

<D K-t'y^tf$:»t5^ fcfcij: 19 , fi«=JIift»<z> 
^7 3/ K«*y > \* — 7t l/:A 1 G a I n P**l9fle 
U — iF36**nfc>*LT^5o ;^«(Z)AlGa InPW 

t6o 10 
[0 0 0 4 ] 

££^CDA 1 G a I n P S^a»# U -lHcfc>^T 13 , ^F&& 

[0005] CO£ 3 »A 1 G a I n P»*5» 

[0 0 0 6 ] ^ ^t, 4#fF® 2 5 3 6 7 1 3 #M*5^T 
tt, HK<D£. 5UlGa I nP**i8#l/-fO«jS^ 
»*$ttrt^So roWWJB2 5 3 6 7 1 3 

flCtSA 1 Ga I n P**8*l^-f plAlG 
a I n P? 7 >> KJi*^, &{£JI£P^LT, SSlO 
AcOGao.6 I no. 4 Plif^ 2 0 AGO (AI0.7G 
a 0 .3 ) 0.5 I no. 5 P M t J^SMfflJl £ ixfc^jl* J0 
J^«i££r^tf£^£lC J: «9 , plAl Ga I 11 P 9 9 y 

KlfOpI^^r y 7iB*«:il< t5fc»^, plAl 
G a I n P 9 =7 y FJI ^ Z n * ^SS^i A bfc®^ 
•C&oTt>, plA 1 G a I n P 9 =7 y KJB^^Z n 

a*, fstem^^&m-t z> 1 z&sit-t z> £ 5 \^.Ltz^(D 

MA 1 G a I n P^ =7 y YM * fc^«4fe&«»AK K- 

[0 0 0 7 ] L*»LJfcfl*ib, CO^^, Ga 0 .6 In 
0.4 PMt (AI0.7 Gao.3 ) 0. 5 I no. 5 PfBtffi 

[0 0 0 8 ] Lfc#oT, ^oSSMGOBftte, 



mmw-i i-8 7 8 3 i 

e 

[0 0 0 9 ] 

ni^y Kiio 5 ^^^< ^ t>— *m»mmz 

^LT2. 0X10"H;13. 0 X l 0~ 3 BlT*fci3- 
1. 5 X 1 0" 3 J^_b- 2. 0X10' 4 ^T^WI^ 

[0 0 10] ^CO^P^(Z>m 2 O^IS, **#S#-bEc 

£2*, ^*flc£fl:l£*frLT2. 0Xl0" 4 ^i3. OX 
1 0" 3 Jt^T^fci^— 1 . 5 x 1 0" 3 J^_b- 2 . 0x10 

[0 0 11] C©*W(0«3<D58WI4, ^*#S#-bt- 
f££fc/l£rpM^ =7 y FmtnW.? 9 y YMt\cX <3 SEA/ 

y?T s^SSUKSs^T, ^SMMS**^* pI^7 

*«*S#l:»LT2. oxio" 4 ^i3. oxio" 3 

£AT*fcli-l- 5 X 1 0~ 3 £A_h- 2. OXIO'^T 

[0012] z<D&m<Dm4<n&mn. *mw&w±.\z 

gttltpl^y Klinf^7^ \*mt\z.±*)&A, 

^7^iiM^T, ^ft^Stslf^tt, pl^7 
y FWJ:t;nI^ 7 y KJBtf> 3 *>^&< ^ t> — 
ttjg^:^, *iM#l:^tt2. Oxio~ 4 Jex_b3. 
OXio" 3 ^T^/il^-i. 5 x 1 o~ 3 J^_h- 2 . ox 
l 0 "^Tofe^S^^f c ^ 1 5 t> (7) 

XhZ> 0 

[0013] z<Dmm<Dm5<D&mn. ^mwrnw-t^ 

&tti$:pl^7 y \*mtnWL* 9 y F M t \z & *) 

mte£Tf/3ifrten±mw:\z'£>^x, ¥m»ftntm* 

li, pl^ 7 y K«*3 «t(;nl^ 7 3/ Kilo 5 fe^*< 
tfc-W, ^»#S*^tT2. 0X10" 4 W 
3. 0X10" 3 ^Ttf:l^-l. 5X10" 3 i^i-2. 
0X1 0-*&T<Di&^^&&&^'rZ>Z.t&ftWt't% 

[0014] z.<n&m<n%s6<D&mte, *m<*&#±\c 

\$* pS^ 7 5/ FI*5 ^(J^nl^ 7 ^ Flo 3 V>4< 



7 

kh—*tm&mt#* *W#*f*fc:»Lr 2. oxi 
o- 4 j^_h3. oxio _3 OT^fcf^-i. 5X10' 3 £l 
_b-2. oxio -^T^fSWI^^tt 5 - <!: ^ft 

[ooi5] *mftmft±\zmm£tif^*mw 

Mai , *»*/B<0*^3e*4ra 2 £ , A a/ 

a= (a 2 -ai ) / ai £^£*X6 0 fc*5, r<7>3§^ 

-f&m.Mb1b>b. Will 2. 0 X l 0" 4 J£ii:3. OX 
1 0" 3 J£AT^f^l^- 1 . 5X10~ 3 J£A± — 2. 0X10 
" 4 filT^a(i4x, 3. 0X10"^ 

±3. 0X10~ 3 J^T\ Sfcfi-l. 5X10"HU- 

3. o x i o' 4 ^T^aii^n^o 

[00 16] C<D388fl<7>1gl <7?«K, I 3^Si3j;t/ 

M^s'KJl. iSttlfc i^n ^ 7 y KioWTiitf- 
[00 17] ^o^pjf^^tli, pS^ 7 y KJi*3J: 

frfS*-^ pI^7 7Kim 

#g#fC*i-LT 2. 0 X 1 0" 4 J£AJi3. 0X10" 3 J£AT 

«:»IT-1, 5 X 1 o" 3 J^_b- 2. 0X10' 4 &IT 

-?-Jl pS^7s/ KJB^ffittJBiroPfltcJSi <7?*«KJB 

iS^ji*5j:0!m2CD^^Siio5'^ / >^< £ fc — JjtK 

MMW^LT2. 0X10" 4 ^±3. 0X10" 3 
BlT*fcli— 1. 5 X 1 0" 3 J£i±- 2. 0X10" 4 J£AT 
<o«^F «: * U T ^ T J: ^ e 

[0 0 18] n<Z>#WK*3^T, ^i^ii^liftl 
^CI^A 1 G a I n P^MM^t^ , C^i 
-§\ M#S#i: LTlWi^G a A s Il^ffi^ til 

— ^S#S#^#bT 2. oxio" 4 ^! 
3. 0 x l 0" 3 £lTt f:(^~ 1.5X1 o" 3 ^i- 2 . 
0 x i 0" 4 ^T^^^ft5l t \ZX n > h& 



(5) 4$M¥l 1 - 8 7 8 3 1 
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< tt>-*tm&mt&, ^Mft^tt2. ox 

10"H;i3. 0 X 1 0~ 3 £AT&fz\$- 1 . 5X10 
~ 3 J£t_b— 2 . oxio" 4 ^T^^^ttSC 

tt*<7>«:tfc*«iW-rs-^3fl 4 t:-* So z.<Dt^t>, pl^ 

[0 0 2 0 ] ^7 s> KJ§*^*«*<Offi1ft»ffl 

3&*. G a A s M^tt^^^OtSWS^ 

ittS^yKi^I I|^F#Mfcfl GaAsiS 

a s SS^ir-7-ft^ot&^S^^ft6^7 -x 

KJB*OVIft3ptt«Ht, G a A s £«tS0ictt:^-r6^ 
d*»(7>3i*^^— ^ffiT-TSfc^, ^yFIWJH 

fc, G a A s £tSl:» ttT'^^ifcttv^ 

i>mm£tiZ> t^^x-bti, £kfcil GaAs£«(C 
>ftlt^7^^WS^^ft5^7iy K/I^T-H 
I I I*^i:l«Lrr^*^^ttfti:45 I I ft 

£ I V^»(7)«ti^t5 I I I 

fftTU — *\ GaAsIfi^lT-7-ft^^W 

[0 0 2 1 ] 

[*«^sei6^«fffi] ext. ^<D^m^mmmm\z^ 

-To 

[oo2 2] *i\ z.cDmm^mi^mMmmiz^^x 

RBB-rSo Bill C^*l<z>SSlS?g*lc:J;5Ja*r*«[ 
KM(7>A 1 G a I n P ^ — ^ <73»rffi MXtb £ 0 

^OAlGa I nP**i#^ftt:, SCH (Separa 
40 te Confinement Heterostru<rture) ^ia^r^U, ffittif 
li^M^F (MQW) S^^ftSo *fc, H2 
H :^)AlGa InP|^S#l/"fWx^^ 

[ o o 2 3 ] H l *s 2 (c^-fi: 5 l:, z.<d%x<d 

mmj&l&lZX&A 1 G a I n P*^*fr tf^*5^r 
H niGaAslSlli;, nl ( A 1 x lG a i- x i) 
1-yl I n yi P^ 7 y KJi 2 , (A 1 X 2G a i- x2 ) i- y 2 I 
n y2 P*iM3, Gai- z In z Pt^Ff4ai 
5(? (Al x2 Gai- x2 ) i-y2l n y 2P»ai4bi:d^<CS 



(6) 

MQWmik&iS&M 4 , (Al x2 Gai- x2 ) i- y 2 I n y2 
Pi (Al x iGai- x i) i-yilnyiP^ 

7 5>KJi6, pfGa InP^ffl|7joJ:^plGaA 
s y^Jl 8d««ftfflJlStfCl^5o Pf (Al x iG 
ai-xi) i-yi I nyiP^^S' KJ|6^)±1S5, p SG a 
I nP*Bi7*5j:U«pSGaAs*tS'7 p l8tt, — 

-f^SS^mffil^as^tctt, nlGaAslffi*?|9^ 

[0 0 2 4] plGaAs^t^^iS^o^^niGa 
Ast«ft^l9«0±(c|j:, Mt«Ti/Pt/Aul 
5*p«0«S1 O^R^ibixTV^o — nl 
GaAsiglOliiili WtliAuGe/Ni/A 

[0 0 2 5] nt, nl (Al xi G ai- x i) i- y i I n 
y iP?7?y KJi 2*5 J; Up 31 (AlxiGai- x i) i-yi I 
n y iP^7^ KJI 6 CD A 1 ftdtit xlfj:, (A 1 x2 G a 
l-x2> l-y2 I n y2 Pytm$im 3, 5 *3 J: t*g«=JI 4 <£> 

(A 1 x2 G ai- x2 ) i- y2 I n y2 Pit84 b <DA 1 *&J& 20 
fcbx 2 J: 19 t>*£< , Afleftfctt, xl = 0. 

, x 2 = 0. 5-e^^ 0 

[0 0 2 6 ] Sfc, nl (A l x iGai- xi ) i- y i I n y i 
P^7!V KJi 2fcJ;r;nlG a A s ttd£3fe9Ji 9 O K^ 

-^«»tLtliWiliSe, S i^if^PSi^:^ 

3&*flH^k*lT^5o pi (Al x iGai- x i) l-yl I n y i 
P^77 KI6, plGa I nPtri)|7ioJ;^piG 

a a s s^Ji 7©rn^^i(i»t LTisfliaji 

ni (AUiGai-xi) i-yi I n y 1 P ^ 7 s> KJi 
2tf^F#fiW»*i3, X 1 0 17 -5 X 1 0 17 /c 

m 3 fi&, pi (A 1 xiG a i- xi ) i- yi I n yi P 9 7 y 
Ki6 0^«««*tt, ^j^lX10 18 /cm 3 i 
ft, nlGa As«St*SBJB9^ 5 F*fi*»«ii, #'Jx.i3 
1 X 1 0 17 / cm 3 gftr**>6o 

[0 0 2 7] ^ O A 1 G a I n P ^ — iPSrtfll* 

+ 5***#JiO«S<0-««r#« f *i:, nl (Al xi 
Gai- X i) j-yi I n y i P ^ 7 s/ KJI 2 <D&£ 1 /i m, 40 

(Al x2 Gai- x2 ) i- y2 I n y2 PM^i3, SOJ?:^ 
13, ^tl^tll 0 — 5 0 nm, ?£f£Jl4<DG a i- z In 
z P JHF-#FJi4 a*3«fcU< (A 1 x2 G a i- x2 ) i- y2 I n 

y2 p^i£/i 4 b <nm$ 13, ^n^iXSnm, pi (Al 

xlG ai-xi) i-yi I n y iP^77 KJI 6 <D^W<nm £ 13 
Urn, pSG a I n P*BBJi 7 CD@£l3 3 0 nm, p 
iGa As ^t^^i8<7)J?^I^O. 3umX-3bZ> a £ 

^ h7^f 7lH3#JxJ;£ 5 Mmr*^D , ;* h^-Y^as 

Offittfl^BS^fCfcttS pi (AlxiGai-xi) l-yl I n 
y iP^7>> KJf6 0>ff£f3O. 3 ju mT-fc£ 0 fittJl 4 50 



4#M^1 1 - 8 7 8 3 1 
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13, Gai- Z I n z Pi^Fi4a^r, «tl^3-7 

[0 0 2 8] 1 Ga I n P|*S*l^-f 

TI3, nl (AlxiGai- x i) i-yi I n y 1 P ^ 7 2/ KJI 

2, (Al x2 Gai- x2 ) i- y2 I n y2 P 3fc*KJI 3 , ?£f£ 
|4(DGai- z I n z P lc^-#F Jl 4 a & J: (A 1 x2 
Gai- x2 ) i-y2lny2PBig4b, (A 1 x2 G 
ai-x2> l-y2ln y2 P^l5/^^pI (A 1 xl 
Gai- X i) i-yiIn y iP^7^Ki6i\ n IG a A s 
SttllC*HT-*{C, Will 2. OXlO'^J: 

3. 0 X 1 0~ 3 EAT\ *?2£KI3, 3. 0X10 
" 4 J^±3. 0X10 _3 ^7> A#ftta3, #Jx.h£, 1. 

0 x 1 o^wftws^^f trt^o u^^^r, c 

COM^, nl (AlxiGai-xi) l-yl I n y 1 P ^ 7 y K 
Jl 2 , (A 1 x2 G a i- x2 ) i- y2 I n y2 P3t«KJl 3 , g 
ttg4(DG a i-z I n z Pi^FI4 a ifcilTJ* (A 1 
x2G a i- x2 ) i- y2 I n y2 P^ig/l 4b, (A 1 x2 G a 
l-x2> l- y 2 I n y2 P*«ttJi5fckW£pS (AlxlG 
a l-xi) l-yl I n y iP ^ 7 s> KJi 6 <£>*&^^$: a 2 13, 
nlGaAsifilOftfgftai «t Dt**< 4oT 
t^& 0 fr*3, plG a I n P *MJi 7, plGaAs^r 
-ty^J!8i3, nlGaAsiSU»L^»fS*a 

1 Sr*LTl^So 

[0 0 2 9 ] ^<Z>»-&, nl (AlxiGai-xi) l-yl I 
nyiP^^^KiZ^^I/pI (AlxlGai-xi) l-yl 

I n y iP ^ 7 s> KJI 6 fete, ^^b^^fiSt-rS (A l x i 
Gai-xi) i- y i I n y iP<0 I nffljSJty 1 
t\^X "3*&^SE-&3S s *X.bn, (A 1 x2 G a i- x2 ) 
l- y2 I n y2 PMi6l3, 5*5^^ (A 1 x2 G ai- x2 ) 
l-y2 I n y2 PBil4 b t-13, r;h,b 5 (A 1 

x2Gai- x2 ) i- y2 I n y2 P^>I nMtfcy 2$riStS 
^Wl^^ibn, Gai- 2 I n z Pi 
-?*FJi4 a tci3, :MMtSGai- z In z PO 

[0 0 3 0] ^^T*, nlGaAsMKC^tSM 

T, Gai- Z I n z P fi^-#FJi 4 a SrW 

(c^ormBj-r^o -rfcto*>, G a P<D&^PflPIi35. 
451 2 A, I n P^te^fllte 5. 8 6 8 8 At?*>£ 
G a A s (»^5e»5. 6 5 3 3 A) t^^^ 
t^Gai-z I n z P J:^#FJI 4 a <7)if&J&l3, 
5. 4512+0. 4176X Z = 5. 6 5 3 3 
XV, z = 0. 4 8 4T*#)6^^ Gao.516 In 
0. 484 P^i5 4 

[0 0 3 1 ] Cl^Cjfcj-UT, :WGai- z I n 2 P A* 
#FJi4a3&«, nlGaAsSSK^U^^^^ 
^F^8\ Af*«MI3, «i«A a/a = l. 0X10 

" 3 ot&^iE^^^-rs^^M^:i3, 

5. 4 5 1 2 + 0. 4 1 7 6 X Z =5. 6 5 3 3 X 1. 
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0 0 1 

J; 0 , z = 0. 4 9 7Tfc5^ib, Gao.503 In 
0.497 PtteZ* Ifci^ot, Gai- Z I n z P Jc^-# 
Fl4ai5\ nlG a A s llg 1 1^1X^7^(7)^ 
^FS^^^tSi^iT) I n^J&fcfc zll Ga!- Z I n z 
Pi^#F!4 a ^nlG a A s Iffil £«^fi-fi-rs 

I nMitzi: 1? t>*#< 45. 
[0 0 3 2 ] — r COG a i- z I n z P 4^ 

#Fi4a^, niGaAsSKl(:^lt-7^t^(0 
ftWS*. WiliAa/a=-l. OX 

5. 4 5 1 2 + 0. 4 1 7 6 Xz = 5. 6 5 3 3 X 0. 
9 9 9 

X *) , z = 0. 4 7 0t^5^b, Gao.503 In 
0.470 P£*3. Lifc2*oT, Gai- Z I n z Pif^ 
FJl4ad«, nlGa AsSSU^LT^Yt^^ 
WS'n^tt^I'n I n ffiLffctt z 13, G a \- z In 
z P If 4 a i« n IG a A s IS 1 t *f 8*t 

£4§^<Z> 1 nfijStfcz ct «9 fc'hS < 45, 
[0033] nl (A 1 xi G a i- xi ) i- y i I n y iP^7 
^Fi2^J:{/pI (Al x iG a i-xi) i-yi I nyiP 9 
7 s> KJB 6 tf>»£\ fcfcWC, (Al x2 Gai- x2 ) i- y 2 

1 n y2 P3fe^^ii3, 5&£1F (Al x2 Gai- x2 ) i- y2 
I n y2 P^Mil4 b (Dl^Cot^Tt), G a InP^G 
a 3: (A 1 G a ) i:«#*X.tttf, _Lj£GDG a i-z In 

z P4^-#FJI4 a 4 r. t^flrx.5o 

[0 0 3 4] " T*. nlGaAsaSll:^lT + 
1. 0Xl0" 3 ^WI^^rft5nI (Al x iGa 
1-xl) l-yi I n y iP^ 73/ KJl2*5J:tJ<pS (Al x iG 
a i-xi) i-yi I n yi P ^7S/Kg6(DI nifc&J&J£y 1 , 
(Al x2 Ga 1 - x2 ) i- y2 I n y2 P JtM&M 3 , 5^^^ 
(A 1 x2 G a i- x2 > i- y2 I n y2 PPSMii4 b <D I n,W 
tfcy2, ftfelMC Gai-z In z P Jcf^F/1 4 a to 
I nffljatfc z(7>A*«j4*fitS:*Jf5^, yl=y2 = 
z = 0. 4 9 7r*fc5 0 

[0035] #ctc, ±5$<t> j; 5 {cmrtiZti^^com 1 <0 

*JEJ#1fifc: £5A 1 G a I nP*Mft^-f^»a* 

[0 0 3 6] :OA 1 Ga I n P »^a»tt ^ — iF&itifi 
t5fc^C 13, ^(OAlGa InP**»#I/-fSr* 
J*"T 5 «t«MOCVDifetCj;i3»fat 

5. rcoBS, i i i - v»-fk-&**i»*oiHW^ tr 
13, hy^f/ur/K^^ (TMA) , h^f/^ 

U r)A (TMG) N hMf;K^^[)^ (TMI 
n) , TAr-fls (A s H 3 ) , 7 *■ * 7 -f V (PH 3 ) 

^ (DM Z ) ^l/^o 

[0 0 3 7 ] A«c«J(C(4, *-f , I3(0^fj: ?tC, n 
iGaAsffiliC, nf (Al x iGai- x i) i- y i I 
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n y iP^7 y KH 2, (Al x2 Gai- x2 ) i- y2 I n y2 P 
;fe>9&Jl3, Gai- Z I n z P 4^-#FJI 4 a £ (A 1 
x2Gai- x2 ) i- y2 I n y2 P»«il4 bi:^b45MQW 
SiS«)gttl4, (Al x2 Gai- x2 ) i-y2ln y2 P** 
iSi5, pi (Al x iGa i- x i) i-yi InyiP^^yF 
plGaInP^ril7fcJ;(fplGaAs=3rt 

^^iiS^r, moc VDSia 19 J«*ja*£-ti:£o z<o 
ni (Al x iGai- x i) i-yi I n y iP ^7 KI 

2, (Al x2 Gai- x2 ) i- y2 I n y2 P7t3§S^ 3 , gf4 
/(? i!4C0Gai-z I n z P4f #FJ14 a*5j;U! (A 1 X 2 

Gai- x2 ) i-y2ln y2 Piii4b, (A 1 x2 G 
ai-x2) l-y2 I n y2 P*S&JI 5 4b^pl (A 1 X l 
G a i- x i) i- y i I n y iP^7S/ KJB 6 MB? ^<7>*&f ^SE 
^^ibnSiplw, TMI n^t$:i®t5 e * 

[0 0 3 8] i4{C^f^ 5(c, plG a A s 

* S/^Jl8^ffi^JittCVDjSfe^J; «9 S i 0 2 JK^ 

r)x5,hxo/fy^{cJ;i?pI (Al x iGa 
l-xl) i-yi I n y iP^7 2X Ka6t7>*S*Tp](7>^tp<7>i?g 
^^T*xj/f ^^f5. m(Cj:oT, pi (Al xi G 
ai-xl) i-yi I n yi P^7 y KJ1 eoJiJlffl, plGa 
I nPtPfll7i3j:tJ«plGaAs^tiy7 , i8i\ — 

Jtf [0 0 3 9 ] 0 5 \Z7r;-f£ 51-, ^yf-^^-r^ 

^ t ItfflP/cv^^ 1 2 ^r^fi-^^^ t Ltffl^T, 
^h7-f ^a50f^«l)^fl5^{C nlG a A s Mm^^M 9 

[0 0 4 0] -7^^12 Sr^s^^RfofeL/S: 

Hi tc^-TJ: 5tc, piGaAs^^j'T'lSfcJ; 

£t>t^ nlGaAsStStl©Ii(infflMl 1S:« 

a I n p&^nwi'-^&mj&ztiZo 

40 [0 0 4 1 ] ±.ft<D£ 0 t^rfl£tltl~<D% 1 <DmMM 
HRlCfcttli, ni (Al xlGai- x i) i- y i I n yl P ? 7 
yK«2, (Al X 2Gai- x2 ) i- y2 I n y2 P **«Ji 

3, m&M4<DG ai- z In z Pt^Fl4ai5j:^ 
(Al x2 Gai- x2 ) i- y2 In y2 Pii|4b, (A 1 x2 

G a i- x2 ) i- y2 I n y2 P5fe3JSJi 5 4 6TOPI (A 1 
xlGai- x i) i-yi I n y i P ^ 7 3/ KH 6 ^ nlGaA 
sltRll^Lt-WC «ttt, 2. 0X10" 4 ^1 

3. oxio"^T, #SSfcLtt\ 3. 0x10 

~ 4 J^Ji3. 0X10 _3 £XT\ AttWl-I** 1. 
50 0 x 1 o~ 3 co^^S^^^-r-5- £fcL«fc 9 , ni (A 
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1 xlG ai-xi) l-yi I n y iP^ 9 y Y r M2 t P^Xl^pM 
(A 1 x iG a i- x i) i- Y i I n y iP ^ 9 y KJI 6 *P<D^M 

[0 0 4 2] %]^mhfi-\z.'tz>t-mz., nl 

(Al x iGai- x i) i-yi I n y iP ^7^7 KB 2 , (A 1 
x2 Gai- x2 ) i-y2 I n y2 P*SiSI 3, g|4l4(DGa 
1-z I n 2 Plc^f ffF!4 a *5J:U< (A 1 x2 G a i- x2 ) 
l-y2 I ny2P§IH4 b, (Al X 2Gai- X 2) l-y2 I n 

y 2 p^tM^m stehmzprn (Ai x iGai- x i) i- y i i 

n y i P ^ 9 y KB 6 3&*, nlGa Aslgl C^LT- /<? 
Aa/a=HX10" 3 O«^^ft^ 
A a / a - + 3 X 1 0~ 4 cD^S^^ttS^ 
Aa/a=0 (fc^K<&Lfc»<&) cD=g^£# 

84 L, nix hSlcx-^y/#iit)S:HK]t D 

fete, in;/hi/ct)3 0^SAU 

/i 0 ^0>»-g\ A a / a = 0 <7>#^pC 14 (Sf£ 0 
%T*^ofc(DiC^j-Lr, Aa/a=+3. 0Xl0" 4 O 

14 la] _bU Aa/a=+l. 0X10" 3 20 

14, pi (Al xl G a i-xi) i-yi I n y iP^7^ 

KB 6**, n 1G a A s Sfi 1 tc*f LT*^!^* t 

[0 0 4 3 ] Ifi^ot, r ©SSi oStJ6J»1»{-J:ix 

* M ffilft -T Z> r. £ £r J* * W t c g& ih -T -6 Z t * 6 <D 
AlGa InP»*»#l^-f(0«3t«i*S:|fi]iS 

1 G a I n P»*i»ft !fSr, nS (A 1 xi G 
ai-xl) l-yl I n y iP ^ 9 y KB 2 , (A 1 x2 G 
ai-x2> l-y2lny 2 P*SlSl3, gttg4WGai- z 
I n z Pi^Fl4 a&5J;U< (A 1 x2 G a i- x2 > i- y2 
In y2 PBH4b, (Al x2 Gai- x2 ) i- y2 In y2 P 40 
3fe*«Jl5fcfc>tJ<fc:pS (Al x iGai- x i) i-yiln y i 
P ^ 7 2/ KJi6tc-#*tt^5FS'&***S £^5*I» 

[0 0 44 ] fttC, 2o»ii:o^t 

mpj-TSo -r*tot>, :^S2o^wiia5AiG 

a I n P»*a»##3te*^K:fc^TJ4, nf (A 1 xi G 
ai-xl) l-yl I n yi P 2 9 y KB 2 & J: U< p I (A 1 x i 
Gai-xi) i-yi I n yi P^7 y KJB6*«, n IG a A s 

St£ilc*j-LT, — *fc, 2. oxio" 4 W 

3. OXIO'^T, MClt Wtfl 3. 0X10 50 
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" 4 J^±3. oxio^T, WSJi, l. 

oxio" 3 ^WS^^f ix^So (a 

l x2 Gai- x2 ) i- y2 I n y2 P3fe^tSiii 3, S&^tfiStt 
B4(4, «*.UnlG a A s ifi 1 8^ Lt^ 

[0045] ^^i2 (Dmmmm^x^xh, mi on 

[0 0 4 6 ] Scl:, 3^I»I^Ot^ 

ttits. 3o»Ka5AiG 

aInPl*Sfl:«*TO^Tfl pi (Al x iG 
a i-xi) i-yi I n y iP ^ 7 Kl 6i 5 , nlGaAsI 
ffilfC^LT, #J*.i4, 2. 0 X l 0~ 4 J£jL_L3. 0X1 
0" 3 ^T, #3SMI4, 3. Oxio" 4 ^i3. 

oxio -3 ^ Jrf*Wi-i4* l. oxi o -3 

Oft^S'&Sr^rU nl (AlxlGaj-xi) l-yl I n 
y iP^7s> nlGaAsIfillC#LT, W 

, - 1 . 5X10 " 3 J£jI Ji- 2 . 0X10 " 4 J£JlT, » 
SHdtt, #J*.I4, -1. 5Xi0" 3 ^J:-3. 0X10 
-4£jl-F\ AftcWfcWc, «*.tf, -1. 0X10 -3 ^ 
^S^f U^$ 0 w<D»£\ (Al x2 Gai- x2 ) 
l-y2ln y2 P*»Si3, 5*3«fctfgteJl4 14, #Jx_if 
nlG a A s Sffi 1 £ fefla L*0 N <5 0 

[0 0 4 7] ::t', nlGaAsI$lH>FfLt- 
1 . 0X1 0" 3 (7>^^-^M^$r^-r^ nl (A 1 x iG a 
1-xl) l-yl I n y iP ^ 77KI20I n^J&y 1 14, C 
Wnl (Al x iGa i- x i) i- y i I n y iP^7 y Kl2i« 
nlG a A s g=f£ 1 £ n ifclfifc y 1 

J;0/h£^o AftW^tt, nl (Al xl Ga 

1-xl) l-yl I n yi P^ 9 y KB 2 (O I nfififcJfcy 1 14 
0. 4 7 0T'*)So — *\ pi (AlxiGai-xi) i- y i 

I n y iP^7^ nfiflifcfcy 1140. 4 9 7 X 

[oo4 8] ^<D%3<Dmmmm\^xti\t, miomm 

nl (A 1 xi G a i- x i) i- yi I n yX P? 9 y KJI 2 
nlGaAsiSll^Uv^t^^^ 
**TU ^^O, pi (AlxlGai- x i) i-yilnyiP^ 
7y\?m2&, nfGaAsSSlCtUy^^ 
^SE-&*-*UT^£<7>^ nl (Al x iGai- x i) 
l-yl I n y iP^77 KJi2^t?J4, S e (TDtemtC^-^-r 
^ V8S£?L<Z>«*3&M6< > Pi (AlxlGa i-xi) l-yl 
In y iP^7s/Kl6*r*fj:, Z n (7>tfc»(^ B8*"f & I 
I I 8l£*L£>«5«aMa< ftot^S^^ibtiSo 
7tae>, »3 0*J6»1ft{cJ:tt(i, nl (Al xi G 

a i-xi) l-yl I n y iP ^ ^ KS 2 *fc<ttJ«p® (A 1 
xlG a i-xi) l-yl I n y iP^77 Kg 6 ^(D^ttl^thlZ. 

# So 
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[0 0 4 9 ] Z<DmW<7>%$ 4<DmMl$M\Z'0\,^-C 

mw-tZo - (d% 4 (ommmm^ xzaig 

a I nP^^SM*^^^^T|j:, pi (Al x iG 
ai-xl) 1-yl I n yl P?7? Kg6^\ nlGaAsI 
SliC^LT— flflJxJf, 2. OX10" 4 £A±3. 
OXio'^T, #Sit£ti:, fl&lili, 3, oxio' 4 ^ 
±3. Oxio" 3 ^T> AfrWMtt, flajiii, l. ox 

10" 3 ^f^^firt^ o ^CD:t§^ pi (A 
1 xlG ai. x i) i-yi I n y iP^7 y FJ1 6 O I nMtfc 
ylliO. 4 9 7*e&£ 0 nl (A 1 i<? 

xlGai- x i) i- y il n y iP^77 Kf2, (Al x2 Ga 
l-x2) l-y2 I n y2 P**iSil3, 5*5 < tO«gttJi4tt, 
WiUnlG a A s Sfil 8^ Lt^5 8 ^<7>M 

[0 0 5 0] :<^S4 ^iMS^llltctnti, pi (a l 

xlGai- x i) l-yil n y iP^7y Kle^O^ft^ft 

a InP|*Sfl:i/-fi;^TIt ni (A 1 xi G a 
l-xl) 1-yl I n y iP^ 7 V YM 2 niGaAsli 

i l:^ir-i(:, #Jx.i;£, -l. 5 x i o _3 J£jL_h- 

2, o x i o" 4 j£at, m^L\£. - i . sxi 

0' 3 ^_b-3. oxi o" 4 ^T, JrftiftfciS, Wfctf, 

— l. Oxio" 3 (OSW$^Srtiri^„ ^oi§ 

-g\ nl (A 1 xl G a i- x i) i- y i I n yl P ^ 7 s> YM 2 

<Z> I n&aj&tty 1 (3 0 . 4 7 0T^^ 6 C <7)^§ 

-g\ (Al x2 Gai- x2 ) i-y2ln y2 PMlSl3, 5, J<? 

7£ttJl4:Jo J;U*pI (A 1 xi G a i- x i) i-yl I n yi P^ 

9yYm6\$, fltllnlGaAs!filt*fl*L 

[0 0 5 2 ] Z<om5<omMM1&\Z£tl\'£ > nf (A 1 
xiG a i- x i) i- y i I n y iP^7j/ KJB 2 *P<D^M%CO$: 

[0 0 5 3 ] - CO^0J(DH6cO^m^^tCO^r 

I(7>A 1 G a I n P»*«*U' — -if S:^-rBPfffiBlr*i 
So 1 A 1 G a I n P l/-f ft S C HtfiS: 

ffittJBttMQW*iS«:^-t-So 

[o o 5 4 ] H6tc^-f <£ 51-, :^f6o»ii; 

J:6AlGa I nP^^S^^f^^T^, pi 
(A 1 x iG a i- x i) i- y i I n y iP ^ 7 s> KJi 6 (7}_h/I 
SB* plGa InPtllyjoit/plGaAs^r-V^ 

h ^«P^W«|W«4^c*5tf 5 pi (AlxlG 

ai-xl> l-yl I n y iP ^7 5/ KJ1 6<Z>±JB«R, plGa £0 



*£H^1 1 -8 7 8 3 1 

16 

I nP^f|j|7^J:t;piGaAs= 5 r^5'^i8II, B 

SiXt^S. p{ig«&10(3, plGaAs^rt^^i 

[0 0 5 5 ] :OAlGaInP 9*£*3 ^ 

Ttt, #Jx.tf, *l^3lft»1BfCj;SA 1 Ga InP^ 
*«Lff nl (AlxlGai-xi) 1-yl I 

n yi P ^ 7 ^ K/I 2 , (Al X 2Gai-x2) l-y2ln y2 P 

xMmmz, m&m4. (Ai x2 Gai- x2 ) i- y2 in y2 

Pftm&m 5*5i:t^pl (AlxlGai-xi) i- y iln y i 
P^S>Kfl6#, nlGaAsIKlWir-f 

tc, WIAJi, 2. oxio" 4 j^i3. oxio" 3 HT, 

Miff, 3. Oxio~ 4 J£*_h3. oxio" 3 
EAT\ Attttl-tt, l. 0xio" 3 coft^S 

^SrttS. » 1 <z>5Mft7#1KU:J:5A 

1 G a I n P»^«#lx — if ^StjbSWf, tftBS£: 

[0 0 5 6 ] ^ 0|£&fc^f&fCj;£A 1 G a I n P 

^^atftu—ifoJiiS^ifett, *i^ft«j|icJ;SA 
IGa I n p»^83Lfl:tx- if O®^^ £ P«lftX*ifC 
«fcD, nlGaAsSfilllC, nl (Al x lG 
ai-xl) i-yi I n y iP ^ 7 y KJB 2 , (Al x2 G 
a i-x2) l-y2 I n y2 P?t^Sii 3 , G a i- z In z P A 
^rMt (Al x2 Gai-x2) l-y2ln y2 P^li:^ 
S?fc6MQW*fiOfiH4Jg4, (Al x2 Gai- X 2) l-y2 
I n y2 P3tfiSt@ 5 , pi (A 1 xiG a i- x i) l-yl I n 
y iP^9s>KJl6, plGa I nPtP«!7*5j;t;pi 
GaAs^rtS' ^7" ill 8 £r ^ MOC VDiSfelCj: 5 JBftJ** 

[0 0 5 7] ^IC, plGaAs^rt^^iSiC^ 

£ It, -Y^-VjiA^tCi: !9 , pfGaAs^rt 
y^SS, plGa InPtPll7fcJ;U«pf (Al x i 
G a i-xi) i-yi I n y iP^7^ KJB 6 £>_LJB«Stc, 53R 
K-yt6^ £^£9, SSffitt** 1 3 SrJgja 

i6(l^tJ:5^, plGaAs^^?/ 
^"Ji 8 & J: jgtft*« 1 3 (D&mz p 1 0 

m-tZt nlGaAsitRKDlilCnflll* 

A 1 G a I n P 1> — ^fjafi * 0 

[0058] z.<d%6 <Dmmrm\z.£K\iL, 

A 1 G a I n P ^^aSf* if fc*3I^T , « 1 <D^M 

[0 0 5 9 ] 12, 13, f&4, SB 

5 £fci£S6 CO^Jt^^tCj: S A 1 G a I n p^aScft: 

-To 



(10) 

17 

[ o o 6 o ] m7\z7F-tx 5tc, ^(D^^f *?n%.m 

ftmt bT^£t#u—if l 0 l S:«it^5 0 c 

3, »4, f5^MS6(D^»IiaSAlGa I 

^SJftru— ifi 0 1 waltStSrSfrT^^Dtc 

*fil 0 4 , »*l/yXl 0 5 , ftWl/^X 1 06, ft 7(7 
#5fe«afflS**^i 0 7*3j:^fg-§-^S^lH}£&l 0 8 

[0 0 6 1 ] ^3t^*^S£K«fc:fc^TJ3* 

— if 1 0 1 <Offi#t3feL(^3 D^-^yXl02(O 

■toTWrftJ-Stu * b{ctr— A^^y ^ ^ i o 3* 
gri/4MSi o 4icj:9«3tew*-&^WlE*^fc 
sfti^^xi o 5ic«t D*3t*nr*r^^^DH 

' itttm^isX 1 o 5£>J;U<l/4&g1£l 0 4 
>X l 0 6 SrSTft-g-^UlfflS**^ 10 7 (CAM 

[0 0 6 2 ] :o*f-{^^St81l;J:na, 3tiHco 

— if 1 0 1 t IT, JiMcOjgl. «2, *3, 
14, 15 6 036J6»1B(CJ:SA 1 G a I n P 

[0 0 6 3 ] ft3o, ^rt-tt, SSl, *2, * 

4, K5*fctt*6 0jgl6^1fi{Cj:5A IGalnPl 

>r * ^ IB « » « <d %m ( c m -f z> - £ *> ^Itfe t- *> £ r. t 

[0 0 6 4] ^±n<7>^P^(7>^^tCO^TA#W(C 

[0 0 6 5 ] M^)Si-f6^Wll:*3^ 
Tte, ^^Wlote^F^^ -ecoJlrtt 1 — «£ft 
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[0066] ±.m<omi-m6<Dmmmm\z.^ai^ 

Xlt, nl (A 1 xlG a i- x i) i- y i I n Y iP & 9 y KJg 
2*3£U<p5! (Al x iGai- x i) i- yi I n y iP^ 7 ^ F 
S6fe£fff)«fc 5ftA 1 G a I n P f)> b ft 6 ^attfMI 
^'FS^iS, A 1 G a I n P <D I n (DijfijS&pgR-f £ r. 
£fC<J; i?-^X.^nfct>(7>r*fol9 , Gai- Z I n z P Jc^- 
#FJB4 a CO J; 5ftG a In P A> *b ft -5 
^g^te, Ga I nPOI ntDM^rifiit^C^IC^ 
9 btlt^WT'fcS^, AlGalnP^i^ft^^ 
-=f-^F«E-& tt , A 1 G a I n P <D A 1 *Sj;U<G 
a <7)^#oftjaSr1BlfiS-r 5 C £ J; !P ^ * ib *i/C J: ^ 
U Gal n P3a^ft5^a»f*JI<Z>»^aE-&», Ga 
I n P(DG a coMj&£:iJlSi-r £ r D^X.b^rt) 

[0 0 6 7 ] ±a<7>»l-»6^3eit^1BlC*5^ 

fc* **i»#JiOfi8;*^(i, (MB 
E) fe^^©MOCVDftM^^fe^^tt)J:^o 
[0 0 6 8 ] Sfefc, M^Sl ~«6co3HSJg«^*5 
l^Ttt, ^OJSB^SCHttiSOAlGa I nP»*S 

(i, DH (Double Heterostructure) ^iaCOA 1 G a I 
nP»^i»«c^-ificafflUT«fc^^i:tt^1ft, A 1 G 
a I nP*8^t- KfcS^ttSBJSSIWA 1 G 
a I nP»*»*^f l^afflLTt>J:V^ w <D 

&m&. ±.&<DA 1 G a I n P JR^ftaS**^^ 
(C, AlGaAs^KM**^ I I-Vlll^ 
*^a8*S:ffl^fc^aeft*3t3|5^., WkM^l I I-V 
^k^^frfcffl^fc^ae^afe^SfcttGa I n 

^ r y ^8«ft b Vlci*|a»*5 j:^/*fciiS*SS«{c 
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